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Abstract
Gardening is a popular pastime, but commercial horticulture is responsible for the introduction of alien 
species and contributes to invasions in a variety of ways. Although an extensive international literature 
is available on plant invasions, it is still important at the national level to examine the influence of local 
factors. Accordingly, 17 nurseries in Estonia that cultivated and sold perennial alien species were selected, 
and a list of species and prices was compiled. The relationships between species status, and factors such 
as their abundance in the wild were examined statistically. A qualitative list of the nationally problematic 
species among herbaceous perennials was also completed. A total of 880 taxa were recorded, of which 
10.3% were native and 89.7% alien. In all, 87.3% of the alien species were still confined to cultivated 
areas. The ecological and socio-economic characteristics of the taxa were described, and lists of the families 
of casual, naturalised and invasive aliens were provided. Both native and increasing wild alien species have 
a very similar profile on the market. Alien species that are less expensive, widely available and have more 
cultivars per species on the market are also more likely to escape. The invasive status and abundance of 
escaped aliens in an area increases with residence time. In general, socio-economic factors create new and 
reflect previous propagule pressures from commercial horticulture, which continuously increase the likeli-
hood of alien species surviving and invading new areas. Our findings suggest that these national socio-
economic market-related factors explain much of the invasiveness of various perennial ornamental species, 
and therefore regional and national authorities urgently need to regulate and control the ornamental plant 
trade to diminish the risk of new invasions.
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introduction
Biological and human-mediated mechanisms in invasions of alien plant species are in-
terdependent, and as a result, it is difficult to predict where and why such invasions 
will occur. However, most plant naturalisations and invaders nowadays originate from 
and in the future will derive from deliberate importations (Mack and Erneberg 2002, 
Kowarik 2003, Mack 2003). Specifically, the study of the economic uses of plant species 
that are invasive in various parts of the world has established that most plant invaders 
are ornamentals (Weber 2003). These species have been introduced for horticultural use 
by nurseries, botanical gardens, and individuals (Reichard and White 2001). Of course, 
invasive alien species can be introduced unintentionally (Pyšek et al. 2011) or by other 
deliberate pathways developed by humans, e.g., for forestry and agricultural purposes 
(Mack and Lonsdale 2001, Starfinger et al. 2003). Nevertheless, the expansion and 
globalisation of the horticultural trade is widely accepted as a principal reason for the 
increase in alien species (e.g., Dehnen-Schmutz et al. 2007a, 2007b, 2010, Barbier et al. 
2011) and it is also widely recognised that many invasions begin in urban domestic gar-
dens (e.g., Smith et al. 2006, Hanspach et al. 2008). On a general macroeconomic scale, 
income growth is the primary driver of globalisation and there is a clear association 
between Gross Domestic Product and the richness of alien floras (Hulme 2009). In ad-
dition, when the variations in invasion rates were partitioned according to a range of ex-
planatory variables, it was found that only national wealth and population density were 
statistically significant (Pyšek et al. 2010). These predictors simply reflect the intensity 
of human activities, in which the horticultural trade is also a relevant component.
There is now an extensive literature that analyses the reasons why certain species be-
come invasive (e.g., Pyšek and Richardson 2007, Küster et al. 2008, Milbau and Stout 
2008). Many papers identify particular traits that cause an ornamental alien species to 
become invasive. For example, Marco et al. (2010) showed that when an ornamental 
perennial alien species escapes from cultivation, pre-adaptation to the local environ-
ment and its potential for spreading vegetatively play important roles, along with gar-
dening practices. Most authors conclude that successful invasion cannot be explained 
by a single trait or characteristic, but is determined in combination with climatic and 
environmental factors, species traits, and human uses (Thuiller et al. 2006, Milbau and 
Stout 2008, Beans et al. 2012, Richardson and Pyšek 2012). The phrase “human-me-
diated propagule pressure” is often used to explain processes, where propagule pressure 
is defined as the frequency with which a species is introduced to a site, combined with 
the number of individuals in each introduction event (Simberloff 2009; see also argu-
ments in Lockwood et al. 2009). Human-mediation multiplies this process and it is 
connected both to human population size and density and to economic characteristics 
(Pyšek et al. 2010, Trueman et al. 2010). Species residence time gives another dimen-
sion to the propagule pressure: the longer the species is present in an area, the more 
propagules are spread and the probability of establishing new populations increases 
(Rejmánek et al. 2005, Milbau and Stout 2008, Trueman et al. 2010, etc.).
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Human-mediated propagule pressure from ornamental horticulture itself plays 
both a direct and implicit role for species to become naturalised and even invasive. At a 
local level it is particularly important, because it promotes invasions in variety of ways 
(see, e.g. Reichard 2011): 1) the introduction and reintroduction of new plants; 2) the 
selection of species and cultivars for characteristics such as climatic suitability and rapid 
propagation; and 3) the creation of propagules due to long residence time, the pres-
sure of gardening fashions and the great number of garden centres. In Britain, market 
presence, prices and dates of introduction are among the socio-economic factors that 
have influenced invasions (Dehnen-Schmutz et al. 2007a). Pemberton and Liu (2009) 
have also stressed the importance to successful naturalisation of the number of years a 
plant was sold. The current naturalisation success of North American woody species in 
Europe is determined by introduction history and particularly by planting frequency 
(Bucharova and van Kleunen 2009). Selective introduction and human-mediated se-
lection of ornamental plants with fast and abundant germination might increase the 
risk of species ultimately becoming invasive (Chrobock et al. 2011). Kowarik (2003) 
suggested that secondary releases of alien species might mimic demographic and dis-
persal processes that influence population growth and expansion of range, and provide 
opportunities to species whose propagules are not able to move naturally over long dis-
tances. In addition, cultivation (e.g., protection from predators and parasites, drought, 
cold) can facilitate naturalisation by protecting alien populations from environmental 
stochasticity (Mack 2000).
It has previously been shown that in the case of the Estonian Alien Flora (Ööpik 
et al. 2008), the establishment and naturalisation of alien species in a given area de-
pended on the level and type of human mediation. The majority (74%) of 232 natu-
ralised alien species in Estonia originates from deliberate introductions. Overall, ap-
proximately half of the alien flora consists of short-lived species, but only 24% of the 
naturalised species belong to this group. Moreover, cultivation in a cold temperate 
region has tended to favour perennial species with propagative advantages for attain-
ing greater abundance and higher invasive status; especially in natural and semi-natural 
habitats. The pattern of invasive species is more diverse, but among the most problem-
atic species there are also deliberately introduced perennials, which have escaped from 
cultivation and are now spreading aggressively, forming monocultures, are toxic, and 
causing other conservation or human health problems. Hence, through selection and 
cultivation, humans increase propagule pressure, while invasion success also increases 
with alien species’ residence time. Consequently, at a national level in countries such 
as Estonia, it is necessary to examine the influence of local factors more deeply, so that 
measures can be taken to reduce the probability of invasions.
In this paper, the following questions are raised in order to examine the situation 
in Estonia in further detail:
(i) What is the number of herbaceous perennial species offered for sale, both to hor-
ticultural professionals and amateurs? What is the composition of these species?
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(ii) Is availability (i.e., lower prices at certain outlets) related to the current status of 
these species, i.e., the presence of the alien species in the spontaneous flora and/
or their abundance in the wild, and how is this connected to species’ residence 
time in Estonia?
(iii) Does this list include problematic or even legally prohibited alien species that 
may cause nature conservation problems and therefore needs national attention?
Material
Background information about Estonia
Estonia lies approximately between latitude 58˚–60˚ N and longitude 22˚–28˚ E. Ac-
cording to the Estonian Information System’s Authority (2012), the total area of Es-
tonia is 45,227 km², including 42,692 km² of land. More than one-half of the land 
area is forest, and one-third is agricultural land (arable land and natural grasslands). 
Approximately 8% is urban and infrastructure and the rest of the land is heathland, 
mires and bogs. Since 31 December 2010, 18.1% of Estonia has been under various 
types of nature protection (Environmental Information 2012).
By the end of 2011, the population of Estonia was 1.32 million and had decreased 
because of migration (Statistics Estonia 2012). Approximately 69% of the population 
live in the major towns and cities and 35 % of all live in semi-detached or detached 
houses, which traditionally have gardens. In 2010, the population density was 30.9 
inhabitants per km². After 1 January 2011, the currency of Estonia was converted to 
the Euro, but during the research period for the present study the currency was the 
Estonian kroons (1 EUR = 15.6 EEK).
As mentioned above, national wealth is a key parameter in determining the likeli-
hood of plant invasions. In 2011, the Gross Domestic Product per capita of Estonia 
was 20.2 US Dollars compared with 15.4 for Latvia and 38.3 for Finland. Estonia 
is, therefore, not in the highest wealth category, but it is still rich compared with 
countries outside Europe. However, the economy is growing, and gardening is a very 
popular activity, especially in the countryside where most houses have gardens. There 
is, therefore, a strong market for horticultural products.
In Estonia, horticulture, vegetable and fruit production have been concentrated 
in a relatively small number of businesses: approximately 2% of the total number of 
agricultural companies. There are no exact data on the numbers of nurseries in Es-
tonia specialising in ornamental horticulture. The non-profit Estonian Horticultural 
Association (www.aiandusliit.ee) brings together companies that produce horticultural 
products for the market, as well as training and science institutions and companies 
retailing gardening accessories. There are about 80 members and from their occupa-
tional description it is estimated that approximately 25–30 of them are linked to the 
importation, cultivation on-site, and sale of herbaceous perennial species.
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National regulations on (invasive) alien species
In Estonia, the principal authority on alien species is the Ministry of Environment, 
which is responsible for legislation and cooperation with international expert groups 
(e.g., NOBANIS, the Bern convention IAS group, and the EPPO IAS group). The En-
vironmental Board is responsible for nature conservation activities and practical work 
with alien and invasive alien species.
The Nature Conservation Act (The State Gazette I, 2004, 38, 258) is the principal 
instrument that forbids the release of alien species into the wild. This Act has resulted 
in the definition of The List of Invasive Alien Species (Annex of The State Gazette 
2004, 134, 2076). This regulation includes both well-established species and plants 
that are not yet established but which have caused problems in countries with similar 
environments. At present, this list includes 13 plant species. The import of live speci-
mens and all transactions with live plants are prohibited for all these species.
The complete list of the texts on invasive species that have been implemented to date; 
including both those that are legally binding and those that are not; is presented in a re-
port entitled “A Comparative Assessment of Existing Policies on Invasive Species in the 
EU Member States and in Selected OECD Countries” (European Commission 2011).
Methods
Sample of nurseries, database characteristics, statistical analysis
Seventeen nurseries located throughout Estonia were selected for this study. The choice 
was determined by the availability of catalogues. Firstly, an extensive list of cultivars 
and prices of herbaceous perennial species was compiled from catalogues, and the data 
was structured at the species, subspecies, and varietal or hybrid taxonomic level. In 
addition, basic information was collected for each taxon (Table 1), whenever such in-
formation was available. The species status in the Estonian Flora was determined from 
the Vascular Plant Flora of Estonia (Kukk 1999), where natives and archaeophytes are 
considered to be in the same group, i.e., natives. Hence, the alien species considered in 
this study were neophytes from this region. The alien species status (casual, naturalised 
and invasive) and other characteristics connected to alien species’ invasiveness on Es-
tonian territory were used as applied in Estonian Alien Flora (Ööpik et al. 2008), after 
which the invasive status of alien species was used in the sense proposed by Richardson 
et al. (2000) and Pyšek et al. (2004).
The complete description of species characteristics (Table 1) provides the basis 
for analysing the relationships between species status (native or alien: non-escaping, 
casual, naturalised, invasive), abundance in the wild, year of the first introduction (not 
available for non-escaping aliens), origin area of alien species (Kukk 1999), wholesale 
or retail price in 2010 (divided into ranges), and the number of nurseries in which the 
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table 1. The content of the database of herbaceous perennial species available in the Estonian horticul-
tural market describing the species characteristics and categories assigned to each individual species.
Topic Characteristic Categories used
Species identity and 
taxonomic position
Genus, species, subspecies, 
family
Species status in Estonian 
Flora
Native (1)
Alien (2)
Alien species invasiveness on 
Estonian territory and in the 
neighbouring countries
Invasive status
Non-escaping (1)
Casual (2)
Naturalised (3)
Invasive (4)
Year of introduction
Year of the first record in the wild
Abundance in the wild 
(frequency classes)
Rare (1)
Uncommon (2)
Scattered or occasional (3)
Common (4)
Invasiveness in NOBANIS 
(qualitative characteristic)
Potentially invasive or invasive in the 
region†
Invasiveness in NOBANIS 
(quantitative characteristic)
0- not mentioned as potentially invasive 
or invasive; 1- potentially invasive or 
invasive in one country. Values of 2 or 
greater denote the number of countries in 
which the species is potentially invasive or 
invasive.
Area of origin (floristic element)
America, Asia, Europa, Eurasia 
(continental), Euro-Siberia, Circumpolar, 
Africa, Origin unknown (known only 
from cultivation)
Nursery information (N=17) Species present on the list of a certain nursery 0- not present; 1- present
Number of nurseries in which 
the species is available
Number of cultivars per species 
available
Wholesale or retail price in 
2010 (divided into ranges)
1 class up to 30 EEK (approx. 2 EUR)
2 class 31-50 EEK (> 2 to 3.2 EUR)
3 class 51-100 EEK (> 3.2 to 6.4 EUR)
4 class greater than 100 EEK (> 6.4 EUR)
† Latvia, Lithuania, Finland, Sweden, Denmark, Norway, Poland, European part of Russia
species is available. Only one, and in the case of differences between nurseries, the high-
est price range category for each species was determined. The status of species in neigh-
bouring countries was derived from the database of the European Network on Invasive 
Alien Species (NOBANIS, www.nobanis.org). In this database, invasive alien species 
are defined as those whose introduction and/or spread threaten biological diversity.
The STATISTICA software system ver. 11 (StatSoft, Inc. 2012) was used for all 
statistical analysis to perform a nonparametric Kruskal-Wallis ANOVA (H statistic), 
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an analysis of variance performed on ranks. Specifically, the different characteristics of 
multiple independent samples (groups) were compared. Species status was related to 
species price and to availability as well as alien species status, and abundance class to 
residence time. In addition, the multiple comparisons test was used to assess the mean 
ranks of all pairs of groups (see Siegel and Castellan 1988) and to compute post hoc 
measures of the mean ranks of all pairs of groups based on the z statistic. The correla-
tion between price and availability, introduction time, and invasiveness in neighbour 
countries, was tested with nonparametric Spearman rank correlation (R).
List of species needing attention
As a practical application, a qualitative list of the nationally problematic species among 
the herbaceous perennials found in horticultural catalogues was compiled, based on 
data from local sources (Kukk 1999, Ööpik et al. 2008) and neighbouring countries 
(NOBANIS database) and on categories of multiple response characteristics as follows:
(i) Invasive or naturalised in Estonia and invasive or potentially invasive in at least 
three neighbouring countries.
(ii) Naturalised in Estonia and invasive or potentially invasive in two neighbouring 
countries.
(iii) Naturalised in Estonia.
(iv) Casual in Estonia, but invasive or potentially invasive elsewhere. These species 
are not addressed in this study.
The complete list of perennials in The List of Invasive Alien Species (The State Ga-
zette Supplement 2004, 134, 2076) was also examined, to analyse whether the current 
legally valid list is applicable to everyday trade.
Results
General structure of the database
The database consists of 3,697 primary entries. These entries were analysed at the 
taxonomic level of species (N=779, 89% of all entries), subspecies (N=31), and variety 
or hybrid (N=70) to produce a list of 880 taxa (hereinafter called species). Of this list, 
10.3% (91) are native species, 89.7% (789) alien species. Of all the aliens, 100 have 
been recorded outside cultivated areas and have reached a certain invasive status in Es-
tonia - 62 are casuals, 35 naturalised, and 3 invasive species: Lupinus polyphyllus Lindl., 
Saponaria officinalis L. and Solidago canadensis L.. A total of 689 (87.3% of all aliens) 
are non-escaping species that are still confined to cultivated land. In all, the species 
belong to 73 families (Table 2) and 269 genera. The native species in the list are most 
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frequently represented by the genus Campanula L.. The most common genera among 
the alien taxa are Sedum L., Saxifraga L., Aster L., Dianthus L., and Geranium L..
According to their area of origin, 36% of the alien perennial species available on 
the horticultural market are native to Europe, Eurasia or Euro-Siberia. Approximately 
30% are from Asia and 27% from the Americas.
The number of species per nursery varied from 41 to 383, and 44% of the spe-
cies were present in only one nursery. Only one non-escaping alien, Liatris spicata 
(L.) Willd., was available from all 17 nurseries. Bergenia cordifolia (Haw.) Sternb. and 
Echinacea purpurea (L.) Moench (both non-escaping aliens) were available from 16 
nurseries, and the native Ajuga reptans L. was available from 15 nurseries. The mixture 
in each nursery was quite similar: 10–20% natives, 60–80% non-escaping aliens, 10% 
casuals, 2–10% naturalised. Eight nurseries offered invasive species. The largest and 
most variable category was non-escaping alien species (Figure 1).
The results show that approximately 70% of the species had no cultivars or only 
one type available for sale. Only 43 (4.9%) of the species had ten or more cultivars 
per species. The outstanding favourite species was the non-escaping alien Hemerocallis 
hybrida hort. with 134 different varieties, followed by Sempervivum x hybridum hort. 
(68), Phlox paniculata L. (65), and the naturalised alien Iris germanica L. (42).
Market characteristics and species invasiveness
The results show that two groups - native and alien species found outside cultivation 
of any status from casual to invasive - have a similar market profile, in contrast to non-
escaping alien species. Alien species that are able to escape and reach certain invasive 
table 2. The invasive status of perennial species available in the Estonian horticultural market, listed by 
family.
Family Native species
Non-escaping 
aliens
Casual 
aliens
Naturalised 
aliens
Invasive 
aliens All
Asteraceae 10 98 16 8 1 133
Ranunculaceae 7 58 0 3 0 68
Lamiaceae 8 42 12 3 0 65
Caryophyllaceae 9 38 6 2 1 56
Rosaceae 8 36 3 3 0 50
Saxifragaceae 2 45 2 0 0 49
Crassulaceae 4 32 5 1 0 42
Primulaceae 2 32 0 2 0 36
Scrophulariaceae 4 26 3 1 0 34
Brassicaceae 0 22 1 0 0 23
Campanulaceae 5 15 0 0 0 20
Others 32 245 14 12 1 299
Total no of species 91 689 62 35 3 880
Total no of families 32 65 18 18 3 73
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status in Estonia, are today less expensive (H = 13.9, DF = 2, N = 668, p = 0.001; Fig-
ure 2) and also more widely available (H = 32.6, DF = 2, N = 880, p < 0.0001; Figure 
3) than those that have not escaped. In all, the price range of the species is lower when 
it is widely available and vice versa (R = -0.36, p < 0.05). Also, native and escaping alien 
species have more developed cultivars per species available on the market (H = 13.26, 
DF = 2, N = 880, p = 0.001). The latter is also positively correlated to number of nurs-
eries where the species is available (R = 0.66, p < 0.05). In addition, when a species has 
already reached a certain invasive status in the alien flora, then the price (H = 0.02, DF 
= 2, N = 86, p = 0.7), availability (H = 0.64, DF = 2, N = 100, p = 0.7) and a number 
of cultivars per species (H = 2.52, DF = 2, N = 100, p = 0.28) does not differ between 
groups of casual, naturalised and invasive aliens.
Among the already escaped alien species, the abundance (H = 12.3, DF = 3, N = 
83, p = 0.007; Figure 4a) and invasive status of species (H = 10.4, DF = 2, N = 86, p 
= 0.006; Figure 4b) tends to increase with residence time. Invasiveness in the whole 
region (see Table 1) is also significantly correlated to the year of introduction into 
Estonia (R = -0.33, p < 0.05), to the species status in Estonia (R = 0.52, p < 0.05) and 
to the abundance in the wild (R = -0.47, p < 0.05). The supply and demand factors, 
i.e. today’s availability (R = 0.02, p > 0.05) and price range of alien species in Estonian 
alien flora (R = 0.08, p > 0.05), is not correlated with introduction time.
Figure 1. The number of species per nursery (N = 17) according to species status in Estonia. The results 
are presented in terms of the extreme values of the data and the median. In addition, three invasive species 
are offered in catalogues of eight different nurseries.
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Figure 2. The relationship between species price and status in 17 nurseries in Estonia. Non- escaping al-
iens were more expensive than natives (z’ = 2.7, p < 0.05) and species in certain status (casual, naturalised, 
invasive) in alien flora (z’ = 2.8, p = 0.02).
Figure 3. The relationship between species status and availability in 17 nurseries in Estonia. Non-escaping alien 
species were different from natives (z’ = 4.9, p = 0.007) and aliens in spontaneous flora (z’ = 3.03, p < 0.0001).
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Figure 4. The relationship between alien species characteristics and residence time in 17 nurseries in 
Estonia: (A) species abundance in the wild and residence time (general test was statistically significant (see 
text), but no significant differences between groups were detected because of small sample sizes), (B) alien 
species status and residence time. The residence time of casuals were shorter than of naturalised species (z’ 
= 3.72, p = 0.0006). Sample of invasive species was too small to drive statistically significant conclusions.
A)
B)
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List of species needing attention
As a practical application, a qualitative list of the nationally problematic species among 
the herbaceous perennials in horticultural catalogues was compiled (Table 3). In Es-
tonia, The Nature Conservation Act forbids the release of alien species into the wild. 
This Act has resulted in the definition of The List of Invasive Alien Species. For all these 
species, the import of live specimens and all transactions with live plants are prohib-
ited. As a result, three species are on both the compiled list and the legally defined list.
Discussion
It is generally accepted that only a limited fraction of introduced species in a given area 
become naturalised and an even smaller number eventually cause problems (William-
son and Fitter 1996, see also Jeschke et al. 2012). However, initially it is not usually 
possible to speculate about the potential magnitude of these introductions. The results 
of the present study demonstrate that the total introduced number of 789 alien herba-
table 3. Estonian commercial nurseries offering herbaceous perennial species, which need national at-
tention as invasive or potentially invasive aliens. Category I: invasive or naturalised species in Estonia and 
invasive or potentially invasive in at least three neighbouring countries. Category II: naturalised in Estonia 
and invasive or potentially invasive in two neighbouring countries. Category III: naturalised in Estonia.
Species in category I Species in category II Species in category III
Lupinus polyphyllus Lindl. Aster novi-belgii L. Aquilegia vulgaris L.
Solidago canadensis L.† Euphorbia cyparissias L. Astrantia major L.
Saponaria officinalis L. Inula helenium L. Cymbalaria muralis P. Gaertn. et al.
Fallopia japonica (Houtt.) 
Ronse Dec.† Sedum spurium M.Bieb. Delphinium elatum L.
Fallopia sachalinensis (F.Schmidt) 
Ronse Decr.† Aconitum napellus L. Dipsacus fullonum L.
Echinops sphaerocephalus L. Aruncus dioicus (Walter) Fernald Doronicum pardalianches L.
Telekia speciosa (Schreb.) Baumg. Bellis perennis L. Echinops ritro L.
Vinca minor L. Dianthus barbatus L. Iris germanica L.
Fragaria x ananassa Duchesne  Mentha spicata L.
Lychnis chalcedonica L. Nepeta cataria L.
Malva alcea L. Ornithogalum umbellatum L.
Rudbekia laciniata L. Physalis alkekengi L.
Salvia verticillata L. Primula elatior (L.) Hill
Viola odorata L. Primula vulgaris Huds. 
Sanguisorba minor Scop. 
Sisyrinchium angustifolium Mill.
† Species are on The List of Invasive Alien Species (Regulation of the Estonian Minister of Environment 
No 34, 14 May 2007) - importing live specimens and all transactions with live specimens are prohibited, 
as stated in The Nature Conservation Act.
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ceous perennial species available in Estonian commercial nurseries compares with the 
787 alien species in the entire Estonian Alien Flora (Ööpik et al. 2008). Species chosen 
for their ornamental attraction do not necessarily have more invasive potential than 
other comparable plants, but the proportionally large number of all introduced species 
increases the likelihood that a fraction will become naturalised and even invasive (see 
also Mack 2003). The situation should be therefore monitored carefully.
Invasions have a highly dynamic nature, and many of the most problematic alien 
species are not recent arrivals, but they reflect historical human activities, a phenom-
enon termed an invasion debt (Essl et al. 2011). One part of this reflection is species 
residence time in the given area: the longer the species is present in the area, the more 
propagules are spread and the probability of naturalisation increases (Rejmánek et al. 
2005). Unfortunately, in real-life situations the actual introduction time is usually 
unknown or not determined and for this study were available only years of introduc-
tion for alien species in alien flora (Ööpik et al. 2008). Nevertheless, the data in the 
present paper support the generalisation that the residence time affects the range and 
frequency, as well as the invasive status, of alien species, at least in cases where the 
species have already reached a status in spontaneous flora. Also, quite often the most 
effective predictors of invasiveness were “invasive elsewhere” (Herron et al. 2007). Our 
data show that the invasive status in Estonia, abundance in the wild and of course, the 
year of introduction into Estonia correlates with current invasiveness of the species in 
the whole region. Thus, the regional cooperation in this field should be favoured.
Recently, it has been shown that residence time is a pivotal factor in the spatial pat-
terns of alien species and human pressure has a greater influence on species that have 
been introduced more recently (Dainese and Poldini 2012). For the future studies 
we hypothesise here that exponential growth of trade and travel and various pressures 
from current consumption could decrease the importance of residence time; further, 
naturalisations and even invasions will take place quicker and be more dependent on 
other human-mediations than at present.
Propagule pressure created by the historic factors of supply and demand is also an 
important part of the explanation for the invasiveness of ornamental species (Dehnen-
Schmutz et al. 2007b, Pemberton and Liu 2009). Hence, the current lists have the 
present levels of socio-economic activity as a background and suggest the possibility 
of future invasions. Nevertheless, according to the study data, native and expanding 
wild alien species have today a similar market profile, as they are both inexpensive and 
widely available. This could be a robust reflection from the previous planting history of 
alien species, because today’s price or availability does not differ between groups of cas-
ual, naturalised or invasive aliens. Also, among species in alien flora the introduction 
time does not predict today’s lower price or wider availability. All the species which 
have currently reached status in spontaneous flora are similarly favoured on the market 
as “easy-to-grow” species. Such plants are often popular, because they may be readily 
propagated, and hence are usually less expensive. However, a history of active planting 
and repeated introductions creates additional pressure and may result in rapid rates 
of spread, successful escape of species from cultivation and subsequent naturalisation.
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The objective of breeding plants to encourage specific traits differs between agricul-
ture and ornamental horticulture. Obviously, bred ornamental cultivars are genetically 
distinct from the wild genotype of the species, but usually the change in genetic com-
position is minor and has little to do with the traits that lead species to become natu-
ralised and invasive (Reichard 2011). Nevertheless, for a few species, recent molecular 
evidence suggests that continuing propagule pressure aids the spreading of an inva-
sion by introducing genetic variation adaptive for new areas and habitats (Simberloff 
2009). In this paper, selection strategies to reduce the invasive potential in introduced 
plants (Anderson et al. 2006) are not considered. Instead, it is suggested that the num-
ber of cultivars per species is likely to be strongly correlated with the number of nurser-
ies where that species is available and will provide an additional opportunity to escape 
from cultivation. In this case there is another dimension of generated human-mediated 
propagule pressure. When more cultivars come on the market, then inevitably there 
will be more specimens in more sites to act as potential dispersers, which is the classical 
explanation of propagule pressure (Simberloff 2009).
The financial costs to countries of controlling the major invasive species are very 
high and pose serious problems (Pimentel et al. 2005); hence, regulations are needed. 
In theory, the control of international release should be straightforward. However, such 
control is practically difficult due to the financial pressure resulting from the modern 
global trade in plants. In general, an appropriate framework should enable the trends to 
be monitored and accept the control of future introductions (e.g., Hulme et al. 2008). 
There are also difficulties with the negotiation of international agreements. Such difficul-
ties occur within the European Union and are even more pronounced on a global scale.
The one pro-active possibility is that green lists should be compiled. These lists 
would be especially useful in large-scale projects and would not contradict any trade 
agreements (Dehnen-Schmutz 2011). In Estonia, The Nature Conservation Act for-
bids the release of alien species into the wild and The List of Invasive Alien Species 
prohibits the import of specimens and all transactions with live plants. Currently this 
list includes 13 plant species, which differ significantly - some species are well-estab-
lished and some are not yet introduced into Estonia, but have caused problems in 
countries with similar environments. Unfortunately, the results of this paper show 
that the compiled list of more problematic species in Estonia and in neighbouring 
countries include altogether 38 species (Table 3). Three regionally problematic spe-
cies, Solidago canadensis, Fallopia japonica, Fallopia sachalinensis, are available on the 
Estonian market and are at the same time on the legally prohibited list. Thus, even 
though the country has quite strict existing regulations, they are not entirely enforced; 
currently Estonia is only beginning systematic work in this field. It has been proposed 
that voluntarily implemented Codes of Conduct (Heywood and Brunel 2006) which 
are addressed to governments, to the horticultural industry and trade, to local environ-
ment and conservation agencies, societies and associations, botanic gardens, etc., can 
be better alternatives to regulate this situation comprehensively. At a national level, a 
few European countries have addressed the issues of invasive alien species and horticul-
ture and developed a strategy (see references in Heywood and Brunel 2011, p. 19-20).
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Why should the horticultural industry care about alien species? This question arises 
because the problems caused by alien species do not have a substantial impact on the in-
dustry. For this reason, it is probable that further regulation will be difficult. An economi-
cal study by Knowler and Barbier (2005) has suggested the possibility of employing mar-
ket-based instruments consistent with the concept of ‘introducers-pay’, to regulate the 
nursery industry. Yokomizo et al. (2012) proposed a cost-benefit analysis for determining 
plant introduction that incorporates probability to escape, expected economic cost after 
escape, expected commercial benefits, and the efficiency and cost of containment. Details 
of the structural changes required, are given by Dehnen-Schmutz et al. (2010), who also 
emphasise the complexity of the situation. Drew et al. (2010) and Peters et al. (2006) 
have both suggested that the involvement of consumers and also professionals, as well as 
education, may yield better results by addressing the moral problem of the risks caused 
by alien species and understanding the characteristics of the industry. Different volun-
tary initiatives and regulations are often quite effective and should be increased to limit 
horticultural introductions of invasive plants (Burt et al. 2007, Niemiera and Von Holle 
2009). Some results suggested that merely labelling the plants as invasive or native could 
be a viable strategy for changes in customer behaviour (Yue et al. 2011). Control meas-
ures should at least be part of any overall framework, if there is agreement to implement 
regulations. However, in nature as in economics, there are always cost-benefit trade-offs.
Conclusions
1) The availability of plants from the horticultural trade is a major source of alien 
species, including locally and regionally naturalised and invasive plants.
2) Supply and demand factors create new and reflect previous propagule pressure 
and are an important component of the reasons behind the invasiveness of or-
namental species. In general, native and expanding wild alien species have a very 
similar profile on the market - both are inexpensive and widely available, and 
more cultivars per species are also available.
3) There are urgent requirements for regional and national authorities to regulate and 
control the ornamental plant trade in order to diminish the risk of new invasions.
4) It would be helpful to involve the public in finding alternatives and encouraging 
best practices for both horticultural professionals and amateurs.
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